INTRODUCTION
The replacement of missing teeth with implant retained fi xed or removable appliances is now well-documented. The high success rate of osseointegrated dental implants has led to their use as a common clinical protocol to re-establish oral health in the edentulous and partially edentulous subject. [1] [2] [3] [4] It is well-accepted that the recipient bed for a dental implant should be routinely assessed by clinical and visual examination and fi nally by radiographic analysis. Respected researchers 5 have stressed that the indications for the most frequently used imaging modalities in implant dentistry should be placed on clinical need and biological risk to the patient. The radiographic assessment should be accurate enough to include the various anatomic structures, the presence of abnormalities and disease, the morphology of the implant site and information regarding bone density, such that the placement of the implant can be carried out with confi dence. 6 The analysis of prospective implant sites by radiographic means has led to the formulation of 'selection criteria. ' To our knowledge, and as a result of our literature search, no studies have been published in which compliance with selection criteria for the radiographic assessment of prospective implant sites has come under scrutiny. This is the fi rst study that systematically confronts the issue of radiographic compliance in dental implant planning.
Selection criteria have been formulated to address the growing need for the protection of the patient from unnecessary radiation dosage during the treatment planning phase for dental implants. 7, 8 As shown in Table 1 , the effective doses from various implant imaging modalities varies enormously from very low dose periapicals to relatively high dose CT scans. As a result it is not surprising that radiographic 'selection criteria' for pre-operative assessment of potential implant sites have been published in recent years in both the UK and the US.
The Faculty of General Dental Practice (UK)'s publication Selection criteria for dental radiography (2004) 7 quotes two tables from the consensus document of the European Association for Osseointegration, Guidelines for the use of diagnostic imaging in implant dentistry.
• Radiographic selection criteria attempt to protect patients from unnecessary radiation dosage during pre-operative assessment of prospective implant sites.
• There is an overwhelming lack of compliance with selection criteria -is there a lack of knowledge as to their existence?
• An evidence base needs to be shown between implant success and the preoperative radiographic imaging used for the osteotomy site.
I N B R I E F

RESEARCH
Objectives To determine by anonymous survey whether the active membership of a particular dental society with variable training and clinical experience in dental implant insertion and restoration followed the published selection criteria for the pre-operative radiographic assessment of prospective dental implant osteotomy sites. Design Postal survey. Subjects and methods A postal questionnaire was sent to all professionally active members of the British Society of Periodontology (n = 560) during July 2005. The mailing was repeated in September 2005. Results Four hundred and fi fty-nine questionnaires were returned a response rate of 81.5%. One hundred and seventy-nine (39%) respondents were not involved in placing or restoring dental implants and were excluded. Of the remaining 280 (61%), 15 (5%) clinicians limited themselves to placing implants, 85 (30%) limited themselves to restoring implants, while 181 (65%) both placed and restored their own implants. Two hundred and twenty-eight clinicians (80.8%) did not follow UK selection criteria for single sites; 217 clinicians (77.5%) did not follow the criteria for multiple sites. Two hundred and sixty-three clinicians (94%) did not follow USA selection criteria. There were no statistically signifi cant differences in compliance based on clinical experience or the number of implants placed. The only statistically signifi cant difference was as a result of training those clinicians who had attended formal training courses were more likely to comply with published selection criteria. Signifi cant differences also existed between the groups in the specifi c cross-sectional imaging modalities chosen. Conclusion Over 80% of respondents are not following the UK or USA selection criteria for pre-implant imaging assessment. The results of this survey call into question the clinical relevance, usefulness, or knowledge of existing selection criteria. There is a need for new selection criteria developed by both radiologists and experienced implant clinicians.
By recommending the use of these two tables, the FGDP(UK) advocates radiographic imaging that will be dependant on the number of proposed implant sites. The summary of their recommendations can be found in Table 2 .
The American Academy of Oral and Maxillofacial Radiology (AAOMR) 8 has a different approach; their recommendations can be found in Table 3 .
MATERIALS AND METHODS
A questionnaire, having closed questions with single-response tick-box options, was designed. Before distribution, the questionnaire was piloted on an implant study group (the Wessex Dental Implantology Society, having a membership of 70, all with varying degrees of implant experience), thus allowing refi nements and amendments to the questionnaire. The questionnaire was divided into ten distinct sections which were used to determine: 1. The respondants' experience with placing and/or restoring dental implants -the number that are placed and/or restored per year 2. Their numbers of years of clinical experience 3. Their training -formal or otherwise 4. Their usual methods of clinical and radiographic assessment of single and multiple potential implant sites 5. Finally, the respondents were asked about the availability of more advanced two-and three-dimensional imaging modalities.
Using the information derived from these distinct areas of questioning it was believed that relationships could be demonstrated between years of experience and numbers of implants being placed and/or restored, and further, that surgical expertise and training may have a distinct bearing on the type of radiographic modalities being employed. Finally, the information collected would allow a systematic analysis of the groups of clinicians who do or do not comply with the published selection criteria recommendations.
The membership list of the British Society of Periodontology (BSP) at the time of this survey comprised 630, which included 70 members who were no longer professionally active, either through retirement or because they were deceased. The 560 active members of the BSP were selected to take part in the postal survey. A questionnaire (Appendix 1) was sent out in July 2005 together with a detailed covering letter, which explained the background of the survey, and a reply paid envelope. Reminder letters were mailed to non-responders in September 2005.
RESULTS
Four hundred and fi fty-nine questionnaires were returned -a response rate of 81.5%. One hundred and seventy-nine (39%) respondents were not involved in placing or restoring dental implants and were excluded. Of the remaining 280 (61%), 15 (5%) clinicians limited themselves to placing implants, 85 (30%) limited themselves to restoring implants, while 181 (65%) both placed and restored their own implants. Thus, three 'implant activity' groups were recognised for analysis. The number of clinicians limiting themselves to placing implants was small -being only 15 (5%) -and so their results, though recorded and 'analysed', were considered as being of interest but not of statistical worth as a stand-alone group. Table 3 Summary of AAOMR radiographic selection criteria for dental implant planning 8 1. Clinical and visual examination including palpation and study model assessment.
2. A two-dimensional radiographic examination of either panoramic and/or periapical fi lms.
3. In all cases a cross-sectional image of the site, using preferentially, conventional tomography. Table 2 Summary of FGDP(UK) radiographic selection criteria for dental implant planning 7 1. Clinical and visual examination including palpation and study model assessment.
2. An initial intra-oral two-dimensional periapical radiograph for single site assessment.
3. A panoramic radiograph for multiple implant sites -this being dependent on dose implications and the wish to investigate anatomical factors.
4. The use of cross-sectional imaging will be dependent on the individual case and on the availability of the resource, the preferred choice being computed tomography (CT).
RESEARCH
1. The results of the survey were analysed in two steps: 2. Firstly, to display any trends that could be seen on an intra-group level 3. Secondly, for any signifi cant intergroup relationships or differences to be demonstrated.
The number of implants placed and/or restored per year by each group
There was considerable variation in the average number of implants placed and/ or restored per year by each group, as shown in Figure 1 . Number of years of experience of the clinicians when compared to the number of implants being placed/restored (Fig. 2) There was also considerable variation in the number of years experience the clinicians had in the different groups. However, as was to be expected, those clinicians placing and/or restoring over 100 implants per year were those with the longest experience.
Clinicians limited to placing implants
In Figure 2 , the relationship between the years of experience and the number of implants being placed is very clearly displayed. All of the group placing 100 or more implants have 10 years or more experience in placing implants. It is safe to state that the progressive increase in surgical experience of these clinicians shows a corresponding increase in the number of implants the clinicians will be placing.
Clinicians limited to restoring
Though not so well demarcated, there is a direct relationship between the number of implants being restored and the number of years of experience the clinician had. The relationship is statistically signifi cant (chi-square analysis, p <0.001) -see Table 4 . Once again, the clinicians with more experience are to be found as the overwhelming majority in the 100-plus group -both the 100-plus group and the 51-99 group bringing signifi cant numbers into this group.
Clinicians both placing and restoring implants
Here, those surgeons with limited experience (0-2 years experience) are to be found only in the two lower bands of clinical activity. Those clinicians with 3-5 years experience show a distinct trend in the number of implants that they place and restore -32% in the 0-20 band, 21% in the 21-50 band, 7% in the 51-99 band to only 2.5% in the 100-plus 
Percentage of clinicians in each group
band. The overwhelming majority of the 100-plus activity group are those clinicians with 10 or more years experience of implant activity (76%).
Types of formal training received (Figure 3)
The questionnaire also sought information on the types of formal training courses clinicians had received. These could have included:
• Masters degree programs on implant dentistry or prosthodontics It was understood right from the onset that the relative infancy of the newer MSc (Implant Dentistry), Diploma in Implant Dentistry and MClinDent (Prothodontics) courses would see a low affi rmative response amongst the respondants. Figure 3 shows the various forms of training received by those clinicians that only restored implants. As can be seen, the majority of clinicians in this group restored 50 or fewer implants per year and almost all of them obtained their training from manufacturers' or general practitioners' day courses. Very few had received formal training in implant rehabilitation therapy.
Clinicians limited to restoring implants
Clinicians both placing and restoring implants
Once again the data shows an overwhelming reliance on clinical training being provided by manufacturers' and general practitioners' day training courses, irrespective of the average number of implant cases being treated per year. And again the MSc (Implant Dentistry) and MClinDent formal courses have few responders.
Usual methods of clinical and radiographic assessment of single and multiple potential implant sites (Fig. 4) The aim of this part of the study was the evaluation of the type of radiographic examinations clinicians employed when assessing single and multiple implant sites. The data obtained was broken down according to the clinicians' clinical experience and expertise.
Clinicians only restoring implants
Here the graph is separated clearly into data for single sites and data for multiple sites. The general trend indicates that the greater the number of implants restored, the greater the use of imaging modalities, although cross-sectional imaging is not commonly used. Where single sites are concerned, 100% of the clinicians restoring more than 100 implants restrict themselves to the use of a periapical radiograph. Further, 100% of those same clinicians prescribed a dental panoramic tomography (DPT) for the multiple site cases -this is certainly in line with the UK selection criteria recommendations. Those same clinicians then limit themselves as to which periapical radiographs are necessary for further information.
Clinicians both placing and restoring implants
For those clinicians both placing and restoring implants, much greater emphasis is placed on imaging as a whole. Here M S c I m p l a n t D e n t i s t r y M C l i n D e n t
( P r o s t h o d o n t i c s ) D i p l / C e r t I m p l a n t D e n t i s t r y O t h e r M a s t e r s P r o g r a m m e s M a n u f a c t u r e r s C o u r s e s S e c t . 6 3 o r O t h e r w i s e O t h e r
RESEARCH clinical activity appears to make very little difference in the prescribing pattern, with a full range of imaging modalities being used by the overwhelming majority of each activity group. However, cross-sectional imaging remains infrequent for single site assessment, while periapiacals for multiple sites are infrequent -both the latter and former being very much in line with selection criteria recommendations. The group of clinicians only placing implants (15 or 5% of the respondants) were considered too small to allow meaningful trends to be demonstrated graphically.
Use of cross-sectional imagery
Further analysis of the types of crosssectional imaging used overall by the clinicians revealed that for those clinicians using cross-sectional imaging:
• Twenty-two (8%) clinicians used simple linear tomography
• Sixty-nine (25%) used multidirectional tomography
• One hundred and forty-nine (53%) used computed tomography (CT)
• Only seven (2.5%) used cone beam CT • One (0.3%) used magnetic reasonance imaging.
If the USA selection criteria recommendations for cross-sectional imagery of prospective implant sites were being followed, a 100% result would be expected for conventional tomography. In fact only 33% of the respondants were using this form of imagery. The results demonstrated that the overwhelming majority of clinicians prescribed CT imaging for cross-sectional investigation, regardless of the 'known' high radiation dose implications.
Statistical analysis
The results from all three groups of clinicians, including the small group that only placed implants, were tabulated to allow chi-square analysis. The three groups of clinicians were analysed separately for their compliance with the published selection criteria.
• Two hundred and twenty-eight clinicians (80.8%) did not follow UK selection criteria for single implant sites • Statistically signifi cant differences were shown to exist as a result of training (p <0.05): those clinicians who had attended formal training courses were more likely to comply with published UK selection criteria, whether it was, eg, MSc (Implant Dentistry) or other formal MScs
• Signifi cant differences (p <0.05) also existed between the groups in the specifi c cross-sectional imaging modalities chosen.
DISCUSSION
The intention of this survey was to determine whether this sample group of active clinicians exhibited compliance with the published selection criteria recommendations for the radiographic analysis of prospective dental implant sites. The results demonstrated that this was not the case: this sample, which was the active membership list of the British Society of Periodontology, overwhelmingly did not follow the published UK or USA selection criteria recommendations. The excellent response rate of 81.5% to the survey would indicate that the membership considered the questioning in the survey to be of merit and yet, at the same time, the analysis of the responses indicated that the greater majority of the membership did not actively comply with the published recommendations.
A question could then be posed asking whether the selection criteria are actually taken seriously by clinicians; the FGDP(UK) selection criteria have an acknowledged low evidence base, being derived from EAO guidelines (an expert panel) in conjunction with expert opinion of the FGDP panel. The US guidelines have a similarly low level of evidence to support their use.
In this study the survey questions had been divided into key features that we considered could possibly infl uence the level of compliance with radiographic recommendations amongst the respondents. We felt that logic dictated that the more complicated implant cases would be carried out by the more experienced clinicians; those clinicians would then require the use of more advanced imaging and be more systematic in its usage, thus allowing a higher degree of success. In fact this was not the case: the statistical analysis showed no signifi cant differences in compliance based on clinical experience or the number of implants being placed. s i n g l e i m p l a n t P e r i a p i c a l f o r a s i n g l e i m p l a n t C r o s s -s e c t i o n f o r a s i n g l e i m p l a n t D P T f o r m u l t i p l e i m p l a n t s P e r i a p i c a l f o r e a c h s i t e i n m u l t i p l e c a s e s X -s e c t i o n s i n t h e m a n d i b l e ( m u l t i p l e s )
X -s e c t i o n s i n t h e m a x i l l a ( m u l t i p l e s )
The well-documented high success rates of osseointegrated dental implants has led to their use as a common clinical protocol to re-establish oral health in the edentulous and partially edentulous. The planning for dental implant insertion relies heavily on the ability to analyse 'unseen' anatomical architecture and as such, the utilisation of radiographic modalities is an integral part of pre-implant assessment. Therefore, the systematic use of radiographic modalities would appear logical for the safe and predictable placement of dental implants. Where single implants are being planned, the recommended imaging is that of the periapical radiograph, 19 and though there is a preference for the periapical radiograph among the respondents, a very high proportion of clinicians still appear to require the use of a DPT for these same single implant cases -which by their very nature could be described as the 'simple' cases -as demonstrated graphically in Figure 4 . Maybe the frequent use of the DPT in these cases is simply a 'safety' measure -it would appear that panoramics are being used as a comparison between the contra-lateral teeth and the anatomical danger zones regardless of their visual discrepancies and the higher dose implications to the patient. These latter points have previously been published in the results of a survey carried out by Sakakura et al. 20 Where clinicians limit themselves to restoring implants, signifi cant differences (p <0.05) were shown to exist amongst the groups for single implant site assessment for the taking of a panoramic, the use of a magnifi cation factor, and the prescription for cross-sectional imaging. The clinicians who surgically place and then restore their own implants show great similarity in the prescribing profi les in all four of their activity groups, regardless of whether they are experienced or inexperienced. One of the original hypotheses was that clinicians who place more implants would be carrying out more complex treatments and therefore, request more imaging -no visible trend of this is apparent in the graphs. Instead it may well be that with more experience, confi dence increases and reliance on imaging decreases. This is in opposition to the clinicians who limit themselves to restoring implants.
We hope that perceived surgical necessity has determined the frequent need for cross-sectional imaging. It is noteworthy that clinicians who prescribe cross-sectional imaging in the mandible for multiple implant site assessment appear to be the same as those prescribing for the maxilla. It is then worrying that there is such a frequent use of CT (53% of the respondents prescribing cross-sectional imaging) among the respondents. It has been widely recorded by many researchers [21] [22] [23] that if bone width and lingual undercut can be estimated suffi ciently well during clinical examination then a panoramic fi lm is accurate enough to obtain the information regarding implant length. Therefore, this CT frequency could be attributed to the availability of the device in regional hospitals or even over-zealousness, or worse still manufacturer-generated implant drillguidance software. However, should these really be criteria for its usage when the multiple imaging obtained from it is beyond what is actually necessary in much of implant planning? Are patients being subject to higher doses of radiation on the grounds of ease of availability?
The FGDP(UK) are specifi c in their selection criteria recommendations: '… CT is associated with considerable dose implications that need to be justifi ed,' 7 or as Engelmann et al. 24 have stated, 'one should expect a substantial increase in the benefi t of information provided by CT scanning to justify the risk associated with the dose required'. The justifi cation is hard to warrant amongst the respondents. Hatcher et al. 25 are open in stating that 'CT imaging has a low value when considering the ratio between diagnostic potential, cost of study, and risk to the patient. ' Clinicians using other cross-sectional imaging such as linear tomography, multi-directional tomography and cone-beam CT were in the minority -8%, 25% and 2.5% respectively. Yet all these devices subject the patient to much lower radiation dosage -see Table 1 . The argument then arises that the images obtained from CT are so superior to conventional tomography that this is a good enough reason for its use. If this argument was to hold true then more frequent use could be made of cone beam CT, with its marked reduction in radiation dosage and its comparable accuracy to traditional CT. 24, 26 The lack of compliance with the selection criteria recommendations does raise a question as to whether the clinicians were actually aware of their existence. It may be that radiographic selection criteria are not part of the implant manufacturers' courses and general practitioners' day courses that this survey has shown to be so popular with the respondents. Once again, mention needs to be made of a possible relation between CT scanning and manufacturers' courses for implant positioning/drill guidance software -if this is the case, then this type of course must start to stress whether their techniques are appropriate within the principle of ALARA (as low as reasonably achievable).
Finally, a statistically signifi cant difference was found to exist as a result of training. Those clinicians who had attended formal training courses were more likely to comply with published selection criteria, whether they were, for example, MSc (Implant Dentistry) or other formal MScs. It is fair to postulate that these formal courses which are not manufacturer-generated have taught modules that consider the appropriateness of radiographic imaging in view of their radiation exposure. However, many studies are limited by sample size and ours is no exception. Approximately one third of the sample from the British Society of Periodontology were not involved in implant placement and restoration. More accurate data may have been obtained by choosing a sample group where all the clinicians sampled were involved in implant placement and/or restoration. We believe that further studies should be carried out with a larger sample size of this latter cohort to verify the results/conclusions drawn in this study.
CONCLUSION
Our present data provides evidence that over 80% of the respondents to this survey are not following the published UK RESEARCH and USA selection criteria recommendations for pre-implant radiographic imaging assessment. The lack of compliance calls into question the respondents' awareness of, and the clinical relevance and usefulness and the lack of supporting evidence for these existing selection criteria.
There is a need for research that can lead to the development of selection criteria that would be taken seriously by clinicians. Such research would certainly have to show a correlation between actual success rates of implants and the radiographic imaging that was used to assess the implant sites pre-operatively. 
